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ARTICULATED MANIPULATOR 

Publication Number: 06-320473 (JP 6320473 A) , November 22, 1994 
Inventors: 

• ADACHI HIDEYUKI 

• KANEKO SHINJ1 

• HIRATA YASUO 

• UEDA YASUHIRO 

Applicants 

• OLYMPUS OPTICAL CO LTD (A Japanese Company or Corporation), JP (Japan) 
Application Number: 05-109569 (JP 93109569) , May 11, 1993 

International Class (IPC Edition 5): 

• B25J-018/06 

• A61B-001/00 

• B25J-017/00 

• G02B-023/24 

JAPIO Class: 

• 26.9 (TRANSPORTATION— Other) 

• 28.2 (SANITATION— Medical) 

• 29.2 (PRECISION INSTRUMENTS— Optical Equipment) 

• 36.1 (LABOR SAVING DEVICES— Industrial Robots) 

JAPIO Keywords: 

• R098 (ELECTRONIC MATERIALS— Charge Transfer Elements, CCD & BBD) 
Abstract: 

PURPOSE: To provide an articulated manipulator which is constituted to facilitate insertion of a cable 
for an end effector into an internal hole even when a diameter is reduced and be brought into a sufficient 
practical use. 

CONSTITUTION: A plurality of curved parts 10A and 10B having a plurality of annular members 12a, 
12b, 12c and 14a, 14b, 14c, respectively, concentrically intercoupled and curved in a given direction are 
linearly arranged and the adjoining two curved parts are coupled to each other in a manner to be curved 
in directions different from each other. Each of the curved parts 10A and 10B comprises an elongated 
sheet (an SAM sheet) 28 made of a shape memory alloy to selectively curve the curved parts, 
corresponding to each other, in a given direction; and a plurality of actuators consisting of wiring base 
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sheets 36 and 38 electrically coupled thereto and ICs 34 and 54 for controlling heating. A notch 24 
linearly extended along the central lines of a plurality of the curved parts 10A and 10B is formed in a 
plurality of the annular members 12a-12c, and 14a-14c of a plurality of the curved parts 10A and 10B. 

JAPIO 

© 2002 Japan Patent Information Organization. All rights reserved. 
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(54) [ftaogft] £mm-K3.V-*r 
(57) [g*5j] 

Z>Wk<DmtMtt 1 2 a , 12 b, 12 c. 14 a, 1 
4 b, 1 4 cSr**^Ufca«tO»ftffll OA, 10 
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I c 3 4 . 5 4it?«S;$ixfcS^<or^f L 3 .^ 
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[0 0 0 1] 
[0 0 0 2] 

6*VC*5 9, «*.tf«|JBIB6 0-1 5 6 4 3 0^«|C 

-?teft&m<D&ftftAmcfc%£tix^% 0 
0*flE*«5**4*-»-:/fc, «:«;iT*5!K *& 

saw* BP%rtm«^rtjfASP^Bffl«, 

[0 0 0 3] H§8Bg6 3-1 9 7 5 0 3*&*Cttrt« 

ISIS^^O&SilESM* fc *« *. T ^ 8 . 

£SM>«rffiffiLTV>8o ^7>ff^^-^ 
men, *y4T4>y^*—7<n*?-zL—zf*&<nftU 



tfci3fc5 0 
[0 0 0 4] 

ttftrtl*Affl©aSS:/h J<«wt *sfttS*K::fctt8 
*rtJfA»oa**Srm*S-&5±"CaKT*)5. 

£< L±5fc1-5t, «*«±JSUfc»BI!BB6 0-"l 5 

6 4 3 0*^«I^E**ixr^5"r=ifcr*U-^-Ctta 

w%rta«oflcrt#A«<o«ta», tcgfi«$nrv>-5a 
8oasffljiic:ft8. 

[0 0 0 5] HIPS 63-197503 #^«|C|B*S 

icftftS^s&o-r-fcTa \s-?\zj±$:xZ)\atTzr~- 

[0 0 0 6] ro»Wtt±IB<P«f<0T-CASix, Z<D% 

7 x * * fflSr^S 5 r i a s U* 

[0 0 0 7] 

Bit tticE« £ ttfs £ $ 4xr mfctoXfo ft-r 



-2- 



[0 0 0 8] 

ftttM^KEBlMH-a 2o^ail:*i5*iS 

[0009] cn&*ftoiCttno«ftoatKniric« 

[0 0 10] 

man &.Tz<D%mom*<Dmmi*mtt<D®mi 
[jbio*is«] bio (a) fa*. ;r<o$ew<ofti<o 

[ o o l l ] ft l o*lS«o#B8«^ = tf* tt, 

s&ioa, iob, ■•^fflir^So «»^8Mio 

A, 10B, '"ttWfrra2o^*BSK»***lRllC» 
A, 10B, -<D*flffitt, «itt"5T!BttaMB«©^a 

[0 0 12] ±EM«tt*H»^-tf»i'-*©jfe» 
SflcD 2 o^i^ftSjJ 1 0 A, lOBTfeSp 5feSg<Oi$SlgIS 

1 0Afiftsicra^tt«ciiesixfc3fl<on«««»i 

2 a, 12 b, 1 2cSr^"Ci3 5, *«<Z)»ftttl 0 
ftfc3fl©R»ttSlttri 4 a, 14 b, Hc^tA/t 

[0013] ftttottan i o A<onimmt 1 2 a , 

12 b, 1 2 c HI CD (B) iC^*D<, A 



9, :jii:i9itSoM»i OAttiTJWdWMa 

[0 0 14] »«i--5»ft»l 0BWR«ttSBtl 4 

a, 14b, HcO^li 01 CO (C) \c^i~tu 

< , mm<D&«u<D±i»frt>&]j\z.mm l/c 1 

Weft**! try 2 2 icj: 9 @»a fticig«S ttr*j 9 % 
rttfcJ: 5 Btfti-5Ktt» l 0 Bftttf2rfilc«*a«E 

[00151010(A), (B) , (C) l£.6<^i" 
»<, IS^O^A^l OA, 10B, "•##+«tM0> 
RSMfctt*tl2a f 12 b, 12cMHa, 14 

b, 1 4 cRxf-o%*<DffimoTf%mmm&o®& 

«10A, 10B, -0*«KCftV^afflUfclWIVMB 
0**2 4jWBj*£*i-C^S. 

[0 0 1 6] Hi© (A) lcft< 5fe^©SA 
Wl 0 A©Rj!MfcSMtl 2 a, 12 b, 1 2cCO^(^) 

£tvCV>T, »2 6 «Ctt»ttE*^«Oft*^« (K 
T» SAMfii:^5) 2 8*EHS*U-CV^5, SAMS 
2 8tt±Eft«0-«lCj:!l»*S*vrv>*l¥* *.«3 
0fc±9*2 6*fcflWaftTVvt, »2 6*"CH«« 
«Wl2a, 12 b, 12cK»Lt*¥af«i:*jW!l 
(CjfSj SAMtE2 8<0-Mffltt|»»"t-5« 

*ms i oB<nftm<nnmkn&\ 4 a©js»;:«j***i 
r^«}»3 2to±w£ffi&[;:@££*vo^o 
[0017] bi<d (a) , (D) Kft<*-rtn<, m 

«&i-3»a«i oBojtaaoRHttatt-i 4 aojiMic 

»*S*t-CV^»3 2*{Cttjfe«(0«*«l 0A^ 
SAMfi2 8©AUKAWffl© I C 3 4 t>H££iVC*5 
9, flS3 2t-CSAMffi2 8©-«Bffli I C3 4OTi 

[0 0 18] BIO (A) , (C) fc&< PI 

1 0 B&tf^n&K(D«ft©i«tt»©««[ 

©RWRWf 14a, 14b, 14c fttf-0>&* «>JH 
&-e±SW>&B$fHe] 9 ^ftlO LTtifcffltlcf* I C 3 
4^bfiSO»»SlOA, 10B, -OtitlSMCftV^ 

»*^jEajtfcEm«3 8ds»diSJi-cj8 0, znrnm 

S3 8t^It^Ml0A, 10B, ••^IWC 

fittr i c 3 4 d>&0EHSC4 o dsstti L«*.fi»# 

[0 0 19] »«i-S»ftttl 0B<D«»©R«tt«*r 
14 a, 14 b, 1 4 c©**«>J>B-C±*B*»6*ltH 
9 jjftim 9 0 *i"iifctttttett±E*4«te*Bv«Hl 
Lfcfl|4 2«Mt*ft-CVvt, St4 2lcr»»KE«M 
UolBftvvE U»T, SAM«fcv*5) 4 4j&5Efi£ft 
"0**. SAM«4 4tt±E«*©-«{CJ:9*ric*n 

-o*a»S;tS4 6fc*9$4 24Mc«#£*xTv>-c. 

*4 2 t f»TRS#SWtl 4 a, 14 b, 14ci:»Lt 
***lSHCtt»WlCjB»Sft-C*>a. S AM^4 4 CO— 



-3- 



[0020] ±u$h\zm&*rzm&n<o9cm<Dnmtt. 

<DE&S«5 2#Efi£*i-Ci>T* E&S&5 2l*Rg| 
ttffitt^ 8 a0JHWCX»t£ft?^&Eltflt3 8*<Dm 

*VCl*5 I C 5 4 Jr»&1-*»l&Sfl 1 0 BO&OS AM 
«4 4<^-J8ffli:Sr«fiCttlc:«SjKUTV^5. IC54tt 
SAMtR4 4CO*(lfi$9#Pffl-efc5o 

[0021] ap*>, z<nnmMv\z, i o 

A, 10B, -0^iOlSORSttSfi-12a, 12 
b, 12cMUa, 14 b, 1 4 cXtf 
BIl: SrglfS©*fRl^*ft £ ^Z&<D S AMffi 2 
8, 4 4, -^±E*ft^tott5ffi«ffiS:^tfJa*fRl 
1 0 A, 10B, -0>**M|K:j&o 

«2 8, 4 4, -<D&Mm*&*t*vkttbtix^zm# 

S510A, 1 0 B, -<DaS^|»»Lfc»*ai 0B, 
•••0*<OjfeK^R««JB*f 1 4 a, 4 8 a, -<DH»fc: 

je^stir^5«3 2, so, -*«cHSsnr*5D, 

wft£Mg<DRItttSMn 4 a, 4 8 a, -©JB 

2Jc^SixTv>SEi»»3 8tk:HS5ii-CV^ I c 

3 4, 5 4, -JcJ:!3lHJf»«I»$ix5 0 

[0 0 2 2] 1 0 A05feS©R^«Se# 1 

dSEfiSnTV>T, 0 A, 10B, -05 

**<0m&^R«#aS*n 2 a, 12 b, 12cMl 

4 a, 14 b, 14cRXf-~<0ft&&m*\zmi<D 

(a) ic2A^r*iito<±»Lfca*o«kaft^» 

^-^5 6^S<OiS»ai 0 A*>b£*B0>B** 
[0 0 2 3] wtue>a^^-^5 6HHI10 (A) 

\z.%®xiFirto <mm<Dm&u 1 oa, iob, 

*©ffl»<0R«#«tt-l 2 a, 12 b, 12c&tfl4 
a, 14 b, 1 4 cRX*-<DTJTfrbZflb<nTi&<D$} 

*> 2 4 at- L-c*Hix-c»i-fc < ^■conatttwu' 

12a, 12b, 12cMl4a, 14 b, 14cS 
[0 0 2 4] rfttCj^a*©*-://^ 6 tt, g$<D 
*fctt*«©«*«l 0 A(Dife«ffi^*5Jt5±Ert«Bffl 

?HOHad>6ia*oj»ft»i 0 A, 1 0 B, -tf>«pifr|| 

10B, -O^OlBROHtR^l 2 a, 12 b, 
12cMl4a, 14 b, HcS^-O/MMIf 



oittLXh. V3k<DFUtVtffit 1 2 a, 12b, 12 
c 14a, 14b, 14c Xtf -0>rtJ||ffia>£>gtt 
5*IMSSaS{J>*<+t?<0"<\ a^O^-^5 6 ld« 

H"12a, 12 b, 12cWl4a, 14 b, 14c 

xt/---<&rt»£ifl*K:ftArs:: t*sffl*5. 

[0 0 2 5] ±5* Ufc* 1 ©JBfcW-Ctt, 

10A, 10B, -Sr^fffi^fRltcSftS^saoSA 
Mffi2 8, 4 4, -\zm&M#bffi&<Dm&J&ftk&& 
»£tlX&9* #SAM^2 8, 4 4, -«E^S«4 
0HIC34, 54, -Sr^L-rjWftSii-CV^EII 
S&3 6, 5 2^5im$tu5*"Ctt, BIO (A) Rt5 
12 CO (A) \Z7jktiU< x WimV&fth* E$ffi&3 
6, 5 2tca«£Jx*tJS-t-3 I C 3 4, 54,-(Cj;9 
Bf«©a*fc«»S*t*rtlc± t), [2 2 co (B) fc« 

[0 0 2 6] :tll^ot^f5SW 1 0 A, 10 
B, ••■fc*fcB^ett«r«*>, fc5V*ttBf*0#rtlfcgf 
^ojS*dSfffcix5. »«Mrrt-5i*SAM«2 
8, 4 4, -ttimfett{cjR9, *fcH«U4v^pr«tt 

A, 10B, -ttiBI»»*fc!l»-r*. 

[0 0 2 7] :^»|tH 1 0 A, 1 

0B, •''&m&<D%faKftih£i£Z>&<DSAMtii2 8, 

4 4, -E»Sfi4 0 f 3 6, 5 2, -&IMC3 4, 

5 4, -iS«»fl!)»ftSlOA f 10B, -0>£*0>fl| 
S^R«R8Wl2a, 12 b, 12cWl4a, 1 
4 b, 14 cXtf-^JBffi±JCEIl*tt50-C. «K«[ 
0>H«RSWtl2a, 12 b, 12cMl4a, 14 
b, 1 4 cSrftSlcat»S**:a{CSAM«2 8, 4 
4, -E&SS4 0, 3 6, 5 2, -MIC34, 5 
4, •••*«»<0H«tt«$tl 2 a, 12 b, 12cW 
14a, 14b, 14c JiOmfetoVlfflCm&lC&ftZ 

[*2W««] H13 0 (A) ICIS, »2©HJS«0^ 

BBa^^au-^jcttfflsttaajsonsfttt? o a, 
7 ob, -o±s»^$^xv^5 0 z<omi&wx\t, 

18»<Z)»*a7 0 A, 7 0B, -ttN i -T i *Ofi3* 
tt*£»<B'<>f ^ M 7L « 7 - Y y ^ ^ ^ 

*DXOtDtl»*i0Xi-5 r tick 9 
t^^^ycoTW^W7 0A, 70B, 

•••o*t I 'bllJc»v^ttK:8UUfc«9^* 7 2*5^S 
tlX^Z. 

[0 0 2 8] WV!K2 7 2tttt«0«fttt7 OA, 70 

B, -©rttt2»*fcBll«> (A) IC2jfi«»T?*1-Jto 

»A£i*-5&lcteffl£ft5 0 
[0 0 2 9] ft^rSftSB 7 0 AttJb»fc«tt« 74$: 
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8 a, 78b, 78c, 7 8 d «C»#ttlcttSfc4MB<5 

ft-cfco, ft«o»*»7 0A©a*k:Bl»Lfc**» 

7 0 B tt&taoff ftff 8 0^ Lfc^W^O 13 £ * 8 2 IC 
±5 4oO«FHHBIM*»5>8 4a 1 8 4b, 8 4c, »• 
fc»Zlc»B*ivC:fe!K ^TP&Lfc&&S&7 0B<a 

[00 3 0] a»©»ft«BJ7 OA, 7 0B, 
*H«»tttt#7 8a f 7 8 b, 7 8 c, 7 8 d&tf 8 
4a, 84b, 84c, •••M"^ ©flJCBfctt* 
HI3^ (B) fc*1-tt<*»0»tt«B7 0 A, 7 OB, 
-0**Jc*/fiS*fjt£:-r5««a7 4, 8 0, -±Srffi 
Uli-a»«t*4lt©»*^« (BIT* SMA«i:v^9) 

8 6 tmi&ofg l oMfcfl©»**>*i< EBSivt^ 

*fcSMA«8 6---0*DfiO^|lI^L«V«jtia 
ffi^iOSRjWlB^Awia^LftVM Ct>*fc«»<DfBl«> 
SttM0>B£»e*l < «ftO»R19(^«(ffi5> 7 8a, 78 
b, 78c, 78dM84a, 84b, 84c, -R 
t^-'O^o^jaffilcEBStv-Cl^. 

[00 3 1 J fflk<D®&n7 OA, 7 0B, 
»IS+SSMA«8 6-JC5i«S*tft^»& % 113 CO 

(B) SMA«8 

H3© (C) K9Tfc<raottftJH*Mfe, 

tt»J6-t-5*ft»7 0A, 7 OB, 

(S%, *>*^tt«tt«7 4 l 8 OfcJltJJSeoJMllfcBr 

[0 0 3 2] 5i«dS»T1-5 S AMS 8 6 -fiMUft 
»fcfcJI9, *fc*«O»ft»7 0A f 7 0B, 

oTt>#^*»tt«7 OA, 7 OB, -lltt^WC 

WW'S, 

[0 0 3 3] roSaSW-CH:, ®»<D?§*Si5 7 0A, 7 
0 B, -#N i -T i *0«JWt*^|0/<-f ^feJIf 
*SiX-5<0-e % «*<fl^-^/W5 6CQ&(^9££ 7 2 

72«r**<»Lie»f8rtlC±9a*0 
^-^/US 6*IBft0»*tt7OA t 7 OB, -OMR 

[0034] ^fcNi-Ti *©ffl3Hfcfr£B«>/<-f 

a, 12 b, 12c&tM4a, 14 b, 1 4 clfctf— 
SrtrviS, 2 2, -lcj;9ttSJc:iHl»a«Ee«(ciijB 

[»3©38*«] rojt*«tt, iB2oidkfii(cisv^r 



Ni-Ti X0flm£4^o/V:/*bHmK»A 
SftTV\fc»ft©j»iMB7 OA, 7 0B, -SrJgttlEtt 

-g^Bo^ e>-»Wfcje*i-a r £ ic <t 5 

ft£ 0 $&g&7 0A, 7 0B, -I4B3© (A) 

(b) fc*s*irv^*D#iiaijgttfcia3<7> (c) 

«K:fctt3SMA«8 6-lCftb9»Btfc-**S1*»© 
$figi5 7 0A, 7 0B, »-©***#iSr6««»7 
4, 8 0, -±S:iSWt-CV>S. 

[0 0 3 5] a»O»*«7 0A f 7 0B, 

»lS1"5»Ulk— #lca«*ix4v^^ i3(0 (B) 
fc-*jW^£0BtflC«#£ft3^, H3(0 (c) ic 
357 OA, 7 OB, -t>*fciS»»*Sr«b, *«V>«t 

«tttt7 4, 8 0fcJ:9iJf*©irrtHcBfft«)j»a«sffto 
[0036] mmt -^^oan^Ti-a 

tt«7 0A, 7 OB, -trBoT^aB* Lft^»r»tt 
BBBo^a-^PttlciortWiS-*- $r$*SB7 o 

A, 7 OB, -ttBII»«|ca[JI|H-5 0 

[0 0 3 71 £OjtB«©»£\ Ni-TiMM 
^»O/^^ba«O»ft«f8 7 0 A > 7 0B, -fe 
-#ttfc»rtM-SffBO«(C«ftO»fll« 7 0 A, 7 0 

B, -WSLTlS^SAMSS 6 LTipfii 
U *fc»«t8*M7 0A, 7 0B, -ic&^tftt 
4(tix«4b4v>*2Ojtl6t«<0»&lcJt'<5i:, SIR 
fc-^fcWIU £fctt&^5}«&aS7 OA, 70B, 

*fc«*«»»»ISr«fflLr»*«BJ7 0A t 7 OB, - 
±o»So»WKE«*BftO*©«H»flW^»o«* 

[SM*>2«8W] »tcB4S:#RRL-C, £<0*9J0>JB4 
[0 0 3 8] 4*Ji©*BtB©3E*«5tW:B 1 £#%tc 

L-ciU^Lfc^ i owsfloafcWBsftiBc-cfto-e, 
fl!SBLfc» i <onifi«t*ao«tt-jcn*ao#fla»* 

*BL*^^l^:ov^T©BH■4RWtt*l^i■6. *fc, HI 
4{Ctt, BW1-S»*«1 0B©**JcS&«c»»-r5 
»ftttl 0CO«ft^nHltt«Mf4 8 a, 4 8 b, 4 8 

ct»s*tr*9, itte>o«3fitt5fe««)»«ai oc 

©*»<&R«tt»»l 2a, 12 b, 1 2 c<Z>185§£ll 
1S&OR^ttSi5#l 2 a, 12b, 12ct 

[0039] reJtttflttBftoftMi OA, 10 
B, 10C, -0^trl9ffto»AlcaiA$*«jll07 
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«2 8, 4 4, ftHA*»:R<0#:REttte 
&t7-f1r (£*T> S AMVJ-Yb^l) 90a, 90 
b, 9 0c, •••aM&ffl£tVtV^ 0 
100 4 0] SAM9-ft90a ( 9 0b, 90c, - 
IS, El 4 CO (A) , (B) , (C) fc*1-*O<«»0» 
ft«10A, 10B, 10C, -0*^oaft(Dn«tt 
flStt 12a, 12b, 12c RXf 14a, 14b, 14 
cS(54 8a, 4 8 b, 4 8 cJttf-0#Hiait**lC 

Sttfl 4 a&tf 4 8 aJlt5-O^JBB±fc»**iX*:* 
EgftlfW9 2a, 9 2b, 9 2c, -tlcEBS 
XftonStttHtl2a, 12b, 12cftt;i4 
a, 14b, 14c&tf48a, 48b, 4 8cJttf- 
<BJSiSO-«fc <fc 9 »J*S*l-CV^Jf S X.S9 4 fc <fc 9 
S92a, 9 2b, 9 2c, -tfcfiH* $*lTV>£ 0 
[0 0 4 1] 4*3ftEA««tt<Dj«9 2 a, 9 2 b, 9 
2c, -<Z>*©»9'&5 h<Ot*s JBSSrlftlCiSV^TftEIC 

»ttofcffiBlcEB£ix, *3O*lSfl"Ctt:K9 0*fl 
[00 4 2] SAMrM + 9 0a, 9 0 b, 90c, - 

a*«c»»-r*»ft»i OB, IOC, •••£> 
&*<o&8c<Dnmymtt 1 4 a, i4b, hcM4 

8 a, 4 8 b, 4 8 c ft^-O^JSffi±{C«diSixa» 

^ftgcioA, 10B, 1 oc, -(ommcftfr^m 

1 9 B££ft*:£lftStK9 8 tc <fc 9 ±EX»*>H*L4 
[00 4 3] S AMI7-T ir9 0 a, 9 0 b, 90c, - 

<D&*nmmztift^Wr&, a 40 (a) ic^i-*d<, 

*fJESi-S*ft«l OA, 10B, ioc ( 
»<OPJ««8»12a, 12 b, 12cMl4a, 1 
4 b, 14cM48a, 4 8 b, 4 8 c&tf-SrBI* 

*fciis»*, 0 4o (a) <DW&£*>n?mt&irzn 



Z.<OlBm^£*) SMA^-f^l 0 0<D$l&£i£f;:^& 3 
5(0 (B) lc*i-*p<lB*U-CV^3re©»*»«t* 

So 

[0 0 4 9] SMA^Vy 1 0 0cO3fS(DfSftWM 
j»«««ClJK«riCrtLjltft:tt*&Kl 0 2^SMA/nV^1 
0 0 *^o*fl:o«ft*:fltJhi-5 r. t Ic <t 9 ±K35?fcK 

[00 50] roS*Sr«ffl.L-ClB4©jaii«Hc*»5 
tt»O»ifMB10A, 10B, IOC, 



aaioa, iob, ioc, ••■^oss^natt 

12a, 12b, 12c StK 14a, 14b, 14 
c£tf4 8a, 4 8 b, 4 8 c &tf-£g#0#K:3l# 

[0 0 4 4] ^tL|CtSoX*ttS-f5«*«B51 OA, 10 
B, 1 0C---fc4fcffiB»tt«rR^ ^^V>I4^<7)^ 
JpJiC0fS<Z)W*^toix5 o a«d5*71-«i«-SAM 
^t90a, 9 0 b, 9 0 c, -ttKIMMItklK 9 , 

*tzmk<nm&% \ o a, iob, ioc, -<&*wsffi 

»JC-r5«*ai OA, IOB, 

[0 0 4 5] rO^^JTH, SAMy>ft90a, 9 
Ob, 9 0 c, -OiR«*S:»jC-r5»ftttl OA, 1 

ob, ioc, -o»*o»icttffiurv>-5o-e, sa 

M452 8, 4 4©«*AS:#a:t5»*SlOA, 10 
B, •"<D!$&<D&\C&%LX^Zm&<0%l<D&1fo9i<D 

SAM!7^i'9 0a, 9 0b, 9 0c, »«XtffiBj»S« 

9 8tcf^^9, m5<o (a) jc^s^rv>-5jaf 

SMA/V^l^) lOOt £<Drtttfcgr£<B8fc# 
[0 0 4 6] SMA/^^l OOttiB»*«i:0f^» 

0 4^@£$*t-C^5 0 

[0 04 7] r (OHffi^J-efi4«l4fcM 104^ (F e ) 

(N 2 ) (H 2 ) "C&So 0 2ri> 

(N 2 ) RTffrm (H 2 ) ^SMA^Vyi 0 0 
*(Cttif&$^fctta^jai0 4<D« (Fe) i^T<E> 

[0 04 8] 

Fe 
i 

[0 0 5 1] 4*JCO*H6«-Ctt, ttjK^JH 1 0 4 £6 

& (pt) tu m#&&mio2frb&&isftzm# 

*** (H 2 ) &tfH ( I 2 ) LTt>, 
Ml 0 2^f)SMA/^7 p l 0 o^rn&oj***:* 
*pi"Swi:lcj:9±3$ Lfe*n< »ft S*fcv^o«K 
M104, m*TttSS£l£fc^«#, SrioJRLS* 
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[0052] z<D®&oik¥BJ&}*$kT<D£5VhZ* 

P t 

i 

*fc, Heic^^a^stik^^^oW^^ 
*fc^ 2 oolB#(0[*93c®ic 2 oeofflZfc Jtfc Sttflfefe 
Ml 0 4 a, 104b,fli«±itLfcft (Fe) Stf 

(pt) , taeu B«L4^«*0Heaw»fe2 

o<0fiZlcJ*fc5ttj|K&JRl 0 4 a, l04b<!:raSL 
T**£C6«ElcJl4*Wfc «ittt±»Lfcft (F 
e) (Pt) #2o<DftElC*4«j|fc««feJRl 

0 4a, 104b (DWr£\a*mm (N 2 ) (H 
2 ) oa*^fo*A\ *fcfi*» (H 2 ) RV3$m 

(I 2 ) ^SMA/^/l0 0tC« 

SAM!7^iT9 0a, 90b, 9 0c, •••RtflEllffiE 
9 8(C«;t><9, gl7 0 (A) fc»4jh/O*5*l*2*0 
»ttEtt*£»*>f7 (BT, SMA'<>f7fcv*3) l 

10, 1 1 2 t/M©sMA/v^i i o\cmm^tift 

l 1 4*s«JB£ivCv^. 
[0 0 5 3] /Jvg6DSMA/<*<7l 1 0 £±S<DSMA 
>*>f7l 1 2 tf4SSfc*ftofc«*-C|ii:iC*ftofc 

gr£ofi*Jc4S*"CM:Bl7 0 (A) fcjj*£:h/C^3ftJ 

[0054] 4*5/hs«) s ma/V /no tfjjfj&tf)* 

ftSrSSflftfi^S^SMA/V/l 1 2#Bf*0|»* 
«:fT5fi£l^0feiS<RJ6SiiT^3. roXftfllctt 

V^tt, iO«lfflt— ^ 1 1 4lC««L/hS0>SMA/>V 

7l 1 0 3&S3f£©ffl*lJ:i!l*i-5t/haoSMA^/ 

1 101*070 (B) K*i-*P<0f3fe©*fifcBfSO» 
ft£fir5„ rftfcJ:9^<DSMA^>r7i l 2fc*fc 
/J>&osma/nV7i i ods»fti-5*«cj:9/J^os 

[0055] ap»«t-#i 1 4^<oam**bic« 
it, *«(osma/^^i i 2dsgf3eoja*fcsyai-5 

fc*«OSMA/M^l 1 2f±07<7) (C) «C*1-*D< 

Bf*©*rtl«cBf*oi»*«r(T3. *B©SMA/V^l 

1 2 36S»*-r«*[Rltt/hfi(OSMA^V/l 1 0*S»« 

*8©SMA/V^l 1 2tt»rffi 
SMA/t'f 71 1 0 J:9 t*#<*SOSM 
A^V7l 1 2#Wft'f a*tt/h80SMA/W/l 1 

1 1 2©WftK:fcfe4lvh«©SMA'<-f 71 10W 
tOSMA^/l 1 2 fcBC#«fci*tt+*. 
[0 0 5 6] jqjRfflt-^ i i 4^©a«*sffjhS*i*: 
goSMA^/l 1 2©»*!»Bf*©a*J:9t«T 

t«t*««)SMA^^l 1 2 3ft5gf3t<D*lSlfC»ft-r 



»**:»&Lft<*9, *8©SMA/V^1 1 2tt/h 
S<OSMA/>V^l 1 OjWMrf- 5*lcJ:0/ha«)SM 

5„ /hS^SMA^V^i 1 0©aUCdSBfSoaflEJ:9 
t>ttT+Sfc/httOSMA/<>f^i 1 Otiiffi&tojjfafc 
»fti-S**r»ftUft<ft9, /j^SMA/^yi l 
0f±*gOSMA/>V7l 1 2 fcttteH70 (A) id 

[0057] :^)H»itii, i*W^o**fti-«r 
cm7o^jgw ciosafiWfi, m4oiiig0iiicfc(t8 

SAM!Mir9 0a, 9 0b, 9 0c, -atfBRSSE 
9 8 Icftfr 9 , ISO (a) lc^Stv-Cv>5iaf /hSco 
^ttEtt^ASl^V/ («T, SMA^^iv^) l 

2 0t/M^)SMA/q^l 2 0**ft\£ft— ttftSHS 
**tfc*ftO»«E**^»'<-f ^ (BIT, SMA/^ 
7i^3) 1 2 2t:hM«OSMA/V/l 2 o& 
V*ft©SMA/<>f^l 2 2©H*S*bT^4vMIMHC 

[0 0 5 8] /h&OSMA'V 71 2 Oi*g©SMA 
/^7l 2 2 4tt«2te*ftofcia*-CSSlCjlftofc 
*fll-^«*i-*J:3E1i**fC*JD,' ^^{c^fe^Hfc 
gf£wfi*Jc45*-Cttia8(0 (A) lc^Sixrt>5fti 

[0 0 5 9] 4*5/hS© S MA^V 7120 j&SjJRSOflS 
*S:fT3ffl*ri*a<OSMA^7l 2 2j6SBfit<0«tt 

t^TIS, /hSOSMA/^yi 2 0 k^SOSMA^ 
71 2 2 i©IBlcrhboia*L*v^lWa»6H*Lft 

<0 (A) {C^Sft"CV>5/Jxg«>SMA^-f 71 2 OO— 

Ei&*K£9>h&OSMA^V7l 2 o#grJ£0>i*ftS: 

ff3aa^aai-5t/j^<osMA/M7i 20^ 

-< 7 1 2 2 fe 4 fc/h«0 S MA/^ 7 1 2 0 tf»S1-a 
*K:J:0/hS(OSMA^7i 2 0 fctfete|BJC*«K: 

[0 0 6 0] ±EJMcoa*t*6k:±#S*, *S© 
SMA^V7l 22t>*mi£<omBt£.M&t&b*&<DS 
MA/<^7l 2 2tt3fS<o*ftilc:BfS(OW**:fT5. * 
gOSMA/^yi 2 2rtH$ft+5#lfctt/hS*>SMA 
^V7l 2 0*j«*i-6^fti*4S*, *S©SMA 
/>V 712 2 ttKffiSWS/hSG) S M A/>V 7 1 2 0 <fc 9 
fe**<*S©SMA/<*f7i 2 2*KNA1-«Atoh« 
oSMA^-f 71 2 J: 9 fe**vvD-c, 
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A/W^l 2 0t)^OSMA/NV/l 2 2 fcPJC^lRj 

[0061] H^t4v^«i&#a^6©ta*otti& 

?MS<t 9 t>{£T'tSi:^OSMA^7 P l 2 2#gr£ 
©*lftlC»*1-aAtr»±Lft<4 9, *i©SMA/< 
-f^l 2 2tt/J«OSMA^^l 2 0 3ftS»*-r5*l!: 
J:»)/hgOSMA/V7'l 2 0 
i-S<fc5te*3. /hg©SMA^^l2 0OB«#3f 
^<©j&«J:9 t>ffiT-t-5fc/hS«)SMA^^l 2 0*s 

A^V^l 2 Ott^SMA^V/l 2 2fcfct>tilia 
8<a (A) *c»Si^■cv^5^^ta^(W»RK:^BJlM-8. 
[0 0 6 2] wOHJfi«-Ct>fia^S6^*Jfi0iJO*& 

[SgSOH^J] i0«Sfltt»7 0St«««>2m0S 
MA^V /1 20, 1 2 2 CDrt*W3ffi<DjJr3<0g8 
2 4£@£rsrfcic£9, 2fi<DSMA 

/>v y i 2 o , 122 off £<o«ait-e»ft 

[0 0 6 3] ^(OSMA^^l 2 2 WSV^CrtflB 

ssl-ovs;^. n-mmnmmt 1 2 4 fita-a^aa© 

LTJWH-*. 

[00 6 4] /hSO SMAaV ^120 tf>fl-jiB<£>£r#ft 
*tl2 4tt, *g(DSMA/^^l 2 2*»*t5ia* 
SMA/<-f:/l 2 2 t/jN«©SMA/<-f^ 

1 2 0 fcoM<DBIB«ri«tL5*ftoja*i5±#**tfc» 
^(C, ^SMA/^yi 2 2i9 t>W*1-<5ffl«* J 
jSVvMoSMA^^l 2 0^Stgflco±|S?affiiCj:«9 

[0 0 6 5] 

^coni v Kx7x^^ 4r— ^rfOffii left 

mi] (a) ^zfommomionmm^^it^ 

(B) fit (A) OB-B»C»ofc»fBH. (C) fit 

(a) <Dc-cmc&oitmmm. (d) fit 



(A) OD-DJS»c»ofcWrffiH"C*>*o 

[El 2] (A) ItHl© (A) K*SftfcfUO|li6« 

fC*-tHB»B|-ea>9, %LX (B) ttHl© (A) IC^ 

80 

[03] (A) tti038W©»203SJfc«icaofc*H 

(B) fit (A) (D*2 0*lfi«0^5?«OifeSO»ft|fB 

LX (C) fit (A) CDJB2 0lHkWO£KtB05lBlROff 

[H4] (A) fitr<O»^O»3<O*Ml«JC«ofc0BB 

(B) fit (A) (DB-BlftfcftofcWHlS, ^UT 

(C) fit (A) <0C-C»lC»ofc»EB-C*>5o 

[05] (a) \*z<D%m<Dm4<Dnmm\cftoiz&w 
fc*ttt»rW5H, (B) fitft#ft£tta>b<0 

[H16] ^(D^0^^5O^ffi0tJ{^o^BISB^^fc: 0 

[07] (A) f4ro*Wo»6©36««U:«ofc#B8 

^fc#g * ftfciD&Jfi fc-^a-f^fcSr ttfttt 
tt-e*-r«*BHk (B) Mt/]««)»ttE«*A^^^ 

***i-»«BU ^LT (C) fit*SOjRRE«*A/< 

[08] (A) fiti<D38WO*7 0jll(li«lc«ofc*BB 

£i&*«*&*tfc fc t>K:«Mti-« 2lw>»ttE«£*'<-f 
^BB*S*ifc^«8*KlStt»T*i-»»rB0, *U 
X (B) HCO^CD^8O^lS0IJlC^oyh#g§©^^ 

w&mt fc wcmf&i-zwmtttz 2*<&»*Bi*&fc 
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*, 7 4 •■■«*«. 7 6-«WH»9**. 7 8 a, 7 8 
b, 7 8 c, 7 8d-»*HWMMtt«h 8 0 

10 A, 10B, IOC— SSftfiS, 12 a, 12 b, 1 8 2 — H8r8H)4c#, 8 4 a, 8 4 b, 8 4 c •••BSRfSf 

2c, 14a, 14b, 1 4 c-RSMKSttt. 16-ig JBttSMK 8 6-J£f*£&«©*|ll£VvK (SMAffi) , 

1 8-fy, 2 2 2-fV, 2 4 - 90 a, 90b, 9 0 c 4 "V ( S AM 

SJ!3*t, 26-it, 2 8-JgttlB»-&^JJWiWSv>tjt £7^+), 92a, 92b, 9 2c-i> 94-jf$t 

(SAMS) . 3 0 •■■«■**.«. 3 2-81, 3 4-1 «. 9 6 9 8 -Glft£K. 

C. 3 6-Ei*S«, 3 8-63*&», 4 0 -EIME& ^^^7* (SMA/>V^) , 

4 2-ffl, 4 4-JB#rett-S^©iN*fiV*« (SAM 1 0 4, 1 04 a, 1 0 4 b-«fflt&«, 110, 11 

«) , 4 48a, 48b, 4 8c-RS 2 -Jg^E«-g-^»^<-Y 7* ( S M A'U 7) , 114- 

tttttf. 5 0-*, 5 2-3B»S«v 5 4-IC, 5 6 JPfJfflt-^, 1 2 0, 1 2 2 HttRB1t**S'-t<f ? 

-<5r-7VK 70A, 70B-J$&SS, 7 2-99 X (SMA^^) , 12 4-WRW. 

[Hi] [0 2] 
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[0 4] 




7ny V<-iSOWl% 
(72)*W# fiSB J3f& 
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